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ABSTRACT 

Aims. To establish the X-ray properties of the intermediate polar candidate ICR J 15094-6649 and therefore confirm its inclusion into 
the class. 

Methods. 42 856 s of X-ray data from RXTE was analysed. Frequency analysis was used to constrain temporal variations and spectral 
analysis used to characterise the emission and absorption properties. 

Results. A spin period of 809.7±0.6 s is present, revealed as a complex pulse profile whose modulation depth decreases with increas- 
ing X-ray energy. The spectrum is well fitted by either a 19±4 keV Bremsstrahlung or r=1.8±0. 1 power law, with an iron emission 
line feature and significant absorption in each case. 
Conclusions. ICR J 15094-6649 is confirmed to be an intermediate polar. 
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> 

m 
oo 

ON 

cn 
o 

On 
O 



1 



1. Introduction 

Intermediate polars (IPs) are members of the cataclysmic vari- 
ables class. They are thought to harbour a magnetic field strong 
enough to greatly influence the accretion from the main se- 
quence star to the white dwarf, but not strong enough to synchro- 
nise the system. For this situation to occur the magnetic field is 
believed to to be in the range of a few MG to tens of MG at 
the white dwarf surface. This has the effect of channelling the 
accreting material onto the magnetic poles of the white dwarf 
and causes a hot dense accretion column to form, which emits 
high energy X-rays. As the white dwarf spins, the absorbing col- 
umn density in the line of sight varies; this gives rise to one of 
the defining characteristics of IPs - X-ray modulation at the spin 
period with a modulation depth which decreases as the X -ray en- 
ergy in creases. For an exhaustive review of CVs see e.g. lWarnen 
(fl995h . 

The exact number of IPs is heavily dependent on the selec- 
tion criteria used, but the lower end estimate is currently taken 
to be thirty thre^J 

In recent years hard X-ray telescopes {INTEGRAL and 
Swift) have unexpectedly found many known IPs and discov- 
ered several candidate systems. This has raised the question of 
whether a sample of hard X-ray selected candidate IPs would be 
different from the current soft X-ray selected population. With 
this in mind the candidate IGR J 15094-6649 (hereafter J 1509) 
is studied. This for ms part of an ongoing surv ey to classify hard 
X-ray selected IPs dButters et al.ll2007l |2008 ) . 



2. Previous observations of J1509 

In the INTEGRALfYBlS survey J 1509 was detec ted as an un- 
classi fied object in the 20-100 keV energy range dBarlow et al.l 
2006). Both a Bremsstrahlung and a power law were fitted to 
the data in order to determine an identification. In both cases 
a good fit was found; Bremsstrahlung with kT=13. 8+5.1 keV 
and power law with T=3.6±0.8. The flux was given as 
1.3 8X10" 11 ergs s " 1 cm' 2 in the 20-100 keV band. 

iMasetti et aTJ d2006l) classified J 1509 as an IP based upon 
optical spectra taken at the 1.5 m Cerro Tololo Interamerican 
Observatory (CT IO) in Chi le. 

Very recentlv lPretoriusI (|2009) published optical photometry 
and spectroscopy of J 1509, along with four other candidate IPs 
from the INTEGRAL sample. She detected a clear radial veloc- 
ity signal at a period of 5.89 + 0.01 h which was identified as 
the orbital period of the system, as well as a photometric modu- 
lation at 809.42 + 0.02 s which was taken to be the spin period 
of the magnetic white dwarf. These results provided very strong 
indications that J 1509 is an IP, and detection of a commensurate 
pulse period in X-ray data would absolutely confirm its classifi- 
cation. 



3. Observations and data reduction 



1 http://asd.gsfc.nasa.gov/Koji.Mukai/iphome/iphome.html (IP cata- 
logue version 2008b) 



Data were obtained from the RXTE satellite dBradt et al.lll993l) 
with the PCA instrument over two consecutive days, from 30th 
- 31st December 2008. The total time on target was 42 856 s. 
Initial data reduction was done with the standard ftools. Only 
the top layer of PCU2 was included in the measurements and we 
used the standard 2 mode data with a time resolution of 16 s. 
Background subtracted light curves were constructed in four en- 
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Fig. 1. 2 - 10 keV background subtracted light curve of J1509. 
The zero time corresponds to the start of the observations at 
JD2454830.773 12937984. The data is binned into bins of 128 s 
width. The typical error on each point is 0.26 counts s _1 PCU -1 . 
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Fig. 2. 2- 1 keV CLEANed periodogram. The upper plot shows the 
raw periodogram, with the window function inset; the lower plot 
shows the deconvolved (cLEANed) periodogram. 



Fig. 3. 2-10 keV light curve folded at the 809.7 s period with 
an arbitrary zero point. Two cycles are shown for clarity. 

Table 1. Modulation depths of the pulse profile in different 
energy bands. Modulation depth is defined here as the semi- 
amplitude of a fitted sinusoid divided by the fitted mean. 



Energy band 


Modulation depth 


Fitted mean 


(keV) 


(%) 


(ct s _1 PCIT 1 ) 


2-10 


15+1 


1.54 


2-4 


27±3 


0.33 


4-6 


16±2 


0.54 


6-10 


9+2 


0.67 


10-20 


7±4 


0.34 






ergy bands: 2-4 keV, 4-6 keV, 6-10 keV and 10 - 20 keV, 
as well as a combined 2-10 keV band for maximum signal-to- 
noise. A mean X-ray spectrum was also extracted. 

3. 1 . Light curve analysis 

In the 2-10 keV energy band the raw count rate varied be- 
tween 2.5 and 6.9 count s _I PCU 1 . The background count rate, 
generated using the faint source background model, varied be- 
tween 2.9 and 4.1 count s _1 PCU -1 . The background subtracted 
2-10 keV light curve is shown in Fig. Q] The data were sub- 
sequently analys ed with a va riable gain implementation of the 
clean algorithm dLehtoll 1997b to discover any periodicities and 
discount any aliasing effects. The results of this are shown in 
Fig. [2] 

A strong peak is evident in the CLEANed periodogram at ap- 
proximately 107 cycles day -1 , in the 2-10 keV energy band. 
Also present are its first and second harmonics at ~ 214 and 
~ 321 cycles day -1 respectively. Analysis of the second har- 
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Fig. 4. 2 - 10 ke V light curve folded at the 21 204 s period of 
Pretorius (2009) with an arbitrary zero point. Two cycles are 
shown for clarity. 



monic peak yields a fundamental pulsation period of 809.7 +0.6 s 
(based on a Gaussian fit to the periodogram). This is in excel- 
lent agreement with the optical photometric period detected by 
iPretoriusl d2009l) . Each of the energy resolved light curves were 
folded at the 809.7 s period, and Fig.|3]shows the result in the 2 - 
10 keV energy band. The modulation depths of the pulse profile 
were then estimated by fitting a sinusoid to the folded data in 
each energy band and dividing the semi-amplitude by the fitted 
mean. The results of this are shown in TableQ] 
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Table 2. Bremsstrahlung (top) and power law(bottom) spectral fitting parameters of J1509. nn(Galactic)=0.2 x 10 22 cm -2 . 



»H 


kT 


T Fe 


0"Fe 


EW 


Educed Flux(2-10keV) 


10 22 cm- 2 


keV 


keV 


keV 


keV 


10 ergs cm s 


1.2+1.0 


19±4 


6.3±0.1 


0.4+0.2 


0.9 


0.6 1.6 


3.0±1.3 




1.8+0.1 6.4+0.1 


0.4±0.2 


0.9 


0.6 1.5 



X-ray light curves. The length of the X-ray data set probably pre- 
cludes the detection of the orbital period, or may indic ate that the 
system is seen at relatively low inclination angle (Parke r~et alj 
120051) . so no such modulation is present. 

Both spectral fits are good and the Bremsstrahlung model in 
particular is in agre ement with that see n in the INTEGRAL data 
at higher energies (Barl ow et al.l 12006). The fit parameters are 
typical of those seen in other IPs. The column density is greater 
than the Galactic column density (as given by the HEAS ARC «h 
estimatoiQ). This too is typical of IPs and is likely due to absorp- 
tion by material within the accretion flow. The ROSAT Bright 
Source Catalogue has one other source in the RXTE field of view. 
A count rate for it was estimated using the we bPIMMSB tool and 
scaled according to the response of the detector. The count rate 
of this additional source was small (~ 0.04 counts s -1 PCU 1 ) 
and therefore does not affect our result. 




Fig. 5. 2.5 - 20 keV mean spectrum fitted with a photoelectri- 
cally absorbed Bremsstrahlung plus iron line profile. 



There is no indication in the power spectr um of the s pectro - 
scopic orbital period previously reported by iPretoriusI (|2009). 
Folding the X-ray light curve at the proposed orbital period 
yields a profile with no significant coherent modulation (see 
Fig.©. 

3.2. Spectral Analysis 

Analysis of the X-ray spectrum was carried out with the xspec 
package. Two models were used for fitting; a photoelectri- 
cally absorbed Bremsstrahlung, and a photoelectrically absorbed 
power law. Both models had an excess at approximately 6.4 keV, 
so a Gaussian was added to account for the iron line emission. 
Both models gave a good fit to the data (see Fig. |5]and Table|2]i. 



4. Discussion 

The X-ray period found here (809.7 s) is in agreement w ith the 
photometric pulsation period found by IPretoriusI (120091) and is 
typical of a white dwarf spin period in an IP. Furthermore, the in- 
creasing modulation depth with decreasing energy in the folded 
pulse profiles is an i ndication that an accretio n column absorbing 
structure is present dNorton & WatsonfT9 89). The complex pulse 
profile and presence of strong harmonics in th e power spectrum 
are re miniscent of the canonical IP FO Aqr dBeardmore et al.l 
1998), although unlike that system, there is here no evidence 
for an additional X-ray modulation at the beat period (841.5 s), 
which would be indicative of a stream-fed component to the ac- 
cretion. We note that whilst some IPs exhibit the white dwarf 
spin period in their X-ray flux, they may show the beat period 
in optical photometry (for example, AO Psc). This arises due to 
reprocessing of the X-ray signal, probably from the face of the 
donor star. In the case of J 1509 we can be confident that we are 
seeing the spin period of the white dwarf in both the optical and 



5. Conclusion 

IGR J 15094-6649 is confirmed as an IP and adds to the grow- 
ing list of hard X-ray selected magnetic CVs discovered by 
INTEGRAL. 
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